Abstract. The observations and measurements given by Earth orbiting satellites, deep space probes, sub-orbital systems and orbiting astronomical observatories point out that there are important physical processes which are responsible for a wide variety of phenomena in solar-terrestrial, solar-system and astrophysical plasmas. In this review these topics are exemplified both from an observational and a theoretical point of view.
Introduction
Space science is generally defined as investigations that are conducted by scientists using earth orbiting satellites, deep space probes like Pioneer series and sub-orbital systems. Space plasma sciences are now a very highly developed multidisciplinary area of research and can be divided into three areas: solar-terrestrial or Sun-Earth relations, solar-systems exploration and astrophysics.
Though space science grew out of the rocket research which followed the end of World War II, the early investigations which began in 1946 concentrated on studies of the Earth's atmosphere, solar radiation and cosmic rays from space. It was in 1958 that launch of Explorer I and subsequent discovery of Van Allen belts which brought the scientific research in space sciences on to the list of other branches of physical and astrophysical sciences. These earlier flights of Pioneer I and subsequent series which laid the foundation of area of space plasma physics which as we now know has become a highly developed multidisciplinary area of research to understand the Sun-Earth or solar-terrestrial relations.
In 1960 with launch of later in series of Pioneer 5, we moved away from the Earth into the interplanetary space towards the planets. Pioneer 10 and 11, Mariner 10, Viking and then Voyager 1 and 2 all equipped with sophiosticated instruments in 1977 brought us the dramatic results of the space plasmas in the neighbourhood of outer planets, Jupiter, Saturn and then Uranus and Neptune. The Sun from space was also studied during this period by Orbiting Solar Observatory (OSO-I). This gave us ample data for the solar-system plasmas.
In addition to Sun-Earth relations and solar systems exploration a new space science discipline astrophysics or space astronomy (as it is sometimes called as it is a mixture of ancient astronomy, modern physics and high technology of space experimentation) came Chanchal Uberoi up. X-ray and ultraviolet astronomy and now -ray astronomy interests led to Orbiting Astronomical Observatories.
The study of science of space plasmas is truly an interdisciplinary field of research with scientific interest that does not lend itself to simple arbitrary boundaries. For example, the sun as a star is of interest to astrophysics, while the Sun as a source of radiation is of importance in understanding Sun-Earth relationships. The studies of particles and fields is essential to understanding the Sun, the Earth, the planets, and stars and the many enigmatic objects in the universe. In this review talk therefore I decided to point out and discuss some universal physical plasma processes which are responsible for a wide variety of astrophysical, solar and magnetospheric plasma phenomena. The plasma processes which I have considered are magnetic reconnection and associated phenomena of tearing mode instability, Kelvin-Helmholtz (K-H) instability and surface wave resonant interaction.
In recent years the Earth-orbiting satellites have provided a wealth of details in agreement with magnetic reconnection models from in-situ measurements of reconnection processes in natural plasma. Because the satellite measurements have so much to say about the physics of these processes, they should be of interest not only to magnetospheric physicists but to astrophysicists and solar physicists as well. The aim of this talk is to discuss these pervasive problems for Earths' magnetosphere, solar flares, coronal heating, heliosphere, galactic halo, prominences and some other examples.
Earths' immediate space environment is driven by the energy contained in the solar wind plasma and this is controlled by magnetic reconnection occurring on the interface between the solar wind and the magnetospheric plasmas. A large scale electric field is imposed across the northern and southern polar regions of the ionosphere. Electric currents drive large-scale plasma convection, particle energization, and the aurora. The opening of the Earth's magnetic field across the magnetopause allows plasma to flow into and out of the magnetosphere, which provides an important diagnostic tool from which we can infer field line topology, reconnection rate, energy transfer and so on (figure 1). The Earths' space environment therefore acts as a laboratory for reconnection. The in-situ measurements have a wealth of data to understand this process.
Earth's magnetosphere
The magnetopause acts like a boundary between the interplanetary plasma and the magnetospheric plasma. Existence of surface waves along the magnetopause and the dynamics of these to understand ultra low-frequency (ULF) waves or micropulsations was first suggested by Dungey in 1955 [1] . With advent of space age now we have ample spacecraft observations of surface waves and oscillations of the Earth's magnetospheric boundary.
Spacecraft observations
Multi-spacecraft ISEE mission [2] has given detailed observations of surface waves with periods of about 2 min or more along the magnetopause. It was also seen that magnetopause is more oscillatory for southward interplanetary magnetic field (IMF) than for northward IMF. However evidence of magnetic reconnection at the magnetopause come
